Hemangiopericytomas are rare, accounting for fewer than 1% of intracranial tumors, and are indistinguishable radiographically from meningiomas. 8, 9 Definitive diagnosis must be made on histological findings. 5 Distinction of this neoplasm from meningioma is critical because of the aggressive nature of the tumor; recurrence ranges from 32-56% although five year survival is good at 78-93%. 5, 10, 11 Local recurrence after complete resection can be delayed and accompanied by distant extraneural metastasis.
To our knowledge this is the first reported case of hemangiopericytoma at the skull base in the ventral foramen magnum. We discuss the patient's presentation and treatment options.
PRESENTATION
The patient was a 34-year-old male presenting with severe neck pain and weakness suggestive of right C8 radiculopathy. He underwent an electromyogram (EMG) performed by a neurologist, which was unremarkable other than decreased conduction in the right peroneal nerve. Routine blood work and viral screening was negative, and no specific diagnosis or therapy was suggested. Two months after his initial EMG he sustained a traumatic work-related accident. A pipe hit the left side of his head and shoulder, throwing his head hard to the right. Weakness and stiffness on his left side became progressively worse. He was referred back to neurology, and underwent a detailed physical examination (Table) .
His past history was significant for a motor vehicle collision at age ten resulting in a head and lumbar spine injury of uncertain nature and severity. He was a smoker with a family history of cancer and ischemic heart disease.
The suggested clinical diagnosis was cervical myleopathy from a central disc protrusion; however, an MRI ( Figure 1A & 1B) revealed an enhancing 2.9 cm ovoid tumor in the ventral foramen magnum exerting a mass effect, displacing the spinal cord posteriorly. The patient was referred to neurosurgery. The physical findings at that time (Table) the patient and he agreed to the procedure including a staged occipitocervical fusion for stability.
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Under satisfactory general anaesthesia, a fascia lata graft was harvested from the right leg. The patient was then rolled into the lateral position and a lumbar drain was placed.
The patient's head was then secured to the bed using a Mayfield headrest. To gain adequate exposure the palate was split just to the left of the uvula and stopping approximately 4 mm from the hard palate. Silk stay sutures were used to hold the incision open. The pharyngeal muscles were split in the midline and the base of the odontoid, the anterior arch of C1, the upper portion of the body of C2 and the clivus were identified and removed using a Kerrison rongeur and a high-speed burr. The cruciate ligament was identified and removed revealing the dura. Upon opening the dura, in a vertical fashion, the tumor was immediately visualized. The tumor was internally decompressed and packed to control the bleeding. The tumor edges were then reflected away from the vertebral arteries, lower cranial nerves and brainstem until the last of the mass could be delivered. A 1 cm margin of dura was then resected around the ventral tumor attachment and the residual dural edge was cauterized. The dural closure was performed in multiple layers utilizing Durepair® (Medtronic Neurosurgery; Goleta, CA), fascia lata autograft and Tisseel® (Baxter; Glendale, CA). The pharyngeal muscles were then closed in layers and the soft palate reapproximated. A nasogastric tube was placed, and the patient was sent to the intensive care unit wearing a rigid collar. He was subsequently brought back to the OR for posterior instrumented arthrodesis and iliac crest autografting.
An immediate postoperative MRI demonstrated complete resection of the lesion (not shown).
PATHOLOGY
The tumor was highly cellular (Figure 2 ) with a spindle cell/storiform pattern and rich vascularity, occasionally in a staghorn configuration. Mitoses were common and necrosis was present. Pericellular reticulin was demonstrable. CD34 and Bcl-2 were positive by immunostaining, while epithelial membrane antigen (EMA) was negative. There was minimal extracellular collagen, and the intensity of CD34 expression was less than seen in solitary fibrous tumour. The final diagnosis was World Health Organization grade III hemangiopericytoma.
FOLLOW-UP
At his two year follow-up clinic visit, the patient showed marked improved from his original presentation (Table) . The MRI results showed no recurrence of the primary lesion ( Figure  1C, D) . Bone scan and abdominal CT results at two years show no evidence of metastasis.
DISCUSSION
The histological diagnosis of hemangiopericytoma (HPC) is controversial. It was initially considered a sub-category of meningioma, but the two entities harbour distinct phenotypes and chromosomal aberrations. More recently, the distinction between HPC and solitary fibrous tumor, a fibroblastic neoplasm occuring principally in the pleural cavity and which resembles hemangiopericytomas has been questioned. [1] [2] [3] In this case the paucity of intercellular collagen, absence of a streaming pattern and modest intensity of CD34 immunostaining are indicative of HPC.
Devising an effective treatment strategy is essential for the management of this aggressive tumor. The best evidence available suggests that total resection is the most significant predictor of survival. 9, 11 Because of the aggressive nature of the tumor, adjuvant stereotactic radiosurgery was considered. Radiosurgery is often recommended when recurrence is less than 25 mm in the greatest diameter. Dufour et al reported the use of radiosurgery to treat recurrence in five patients that had not previously undergone radiotherapy. In two of the patients peripheral metastases occurred at 12 and 13 years of follow-up. In all five patients local control was obtained with the use of radiosurgery of the tumor and a 1 cm margin. 13 Ecker et al performed radiosurgery on 15 patients with 45 lesions with an average volume of 7.8 cm 3 .
Radiosurgery destroyed 5 of the 45 tumors, reduced tumor size in ten cases and achieved local control in 27 cases. In total, 93% of the tumors were reduced in size, destroyed or controlled. 10 The efficacy of this intervention remains questionable if there is no defined target, as in the patient we present. 10, 13 Since there was no recurrence visible, adjunctive radiotherapy was considered another option and some groups have demonstrated success with intracranial lesions. 10, 11, [13] [14] [15] [16] While recurrence and metastases are reduced, overall mortality is unchanged. 10, 11, 13 Radiotherapy is shown to reduce the risk of local recurrence in totally resected tumors; however, it was not shown to protect against neuraxis metastasis. 10, 13 In the study by Dufour et al patients were organized into two groups, Group 1 had eight patients that received radiotherapy (6000 rads) and Group 2 had nine patients that received no radiotherapy. The authors found a significant difference in the recurrence rates in Group 1 vs Group 2, 12% and 89% respectively (p=0.03). There was no difference in the occurrence of neuraxis metastasis or systemic metastasis. It should be noted however that these groups were not randomized. 13 A study by Ecker et al had 19 of 38 patients undergo radiotherapy. Radiotherapy was not shown to have a significant reduction in recurrence. In this study there was also no randomization and criteria for offering radiotherapy were not uniformly applied. 10 Chemotherapy was also considered but currently there is little evidence to support this treatment. Chemotherapy was shown to have no effect in one study, however the sample size was small and the study was observational rather than experimental. 10 Current chemotherapy drugs show little benefit in patients with hemangiopericytoma.
The patient we present had a tumor that was not typical for an intracranial lesion and there is limited literature on the postoperative management of such a lesion. 4, 7 It is clear that these tumors are susceptible to radiation but it is unclear whether it is warranted in this case. Based on the literature reviewed it was decided that, at this time, the risks associated with radiotherapy outweighed the potential benefit. Our patient experienced marked clinical improvement during his two year follow-up and there was no evidence of metastatic disease at two years. Since HPC can recur after a prolonged disease-free interval, we plan to continue to follow him clinically and with serial imaging. [9] [10] [11] 13 Our recommendation based on the review of the literature is that the major goal of treatment should focus on total resection of the lesion. In the setting of sub-total resection adjuvant stereotactic radiosurgery is advisable. Stereotactic radiosurgery is also recommended in patients that display recurrence on follow-up imaging. There is no evidence to support the use of chemotherapy at this time, nor is there adequate support in the literature for fractionated radiotherapy in the context of total resection.
